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Abstract 


PROBLEM TO BE SOLVED: To obtain a piezoelectric ceramic composition with large amount of piezoelectric 
displacement especially under high electric field intensity, with small temperature change of a dielectric constant, also 
excellent in insulation property/and capable of sintering at a low temperature. 

SOLUTION: The piezoelectric ceramic composition is that, in a three component system lead zirconate titanate(PZT) 
represented by PbTi03-PbZr03-Pb(Ni1/3 Nb2/3)03 a content of Pb(Ni1/3Nb2/3)03 is <=40 mol%, that of PbTi03 is >=35 
mol% and <=55 mpl%, that of PbZr03 is >=15 mol% and <=55 mol%, and a part of Pb(Ni1/3Nb2/3)03 is represented by 
Pb(B11/2B21/2)03, the composition of which is represented by a composition each of which is substituted by at least one 
or more kinds of B1=Ni, Zn, B2=W, Mo. The piezoelectric displacement in case of impressing D C. electric field intensity of 
500 kV/m in the same direction with a polarization axis shows >=500 pm/V, and the temperature change of the dielectric 
constant over the range from -40 deg.C to 200 deg.C is <=300%. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In 3 component system zircon lead titanate (PZT) written by PbTi03-PbZr03-Pb(nickell/3Nb 
2/3) 03 Less than [ 40mol% ] and PbTi03 for Pb(nickell/3Nb 2/3) 03 The range not more than [ more 
than 35mol% to ] 55mol%, PbZr03 is made into the range not more than 55mol% more than from 
15mol%. a part of aforementioned Pb(nickeU/3Nb 2/3) 03 are expressed with Pb(Bl l-/2Bs 21/2) 03 - 
having - the composition - B= 1 — nickel, Zn, and B-2= ~ each of W and Mo — by the composition 
replaced with the constituent which consists of one or more kinds even if few the piezo-electricity when 
impressing the direct-current electric field of 500 kV/m in the same direction as a polarization shaft — 
the piezoelectric-ceramics constituent which a variation rate shows 500 or more pm/V, and is 
characterized by the temperature change of specific inductive capacity being 300% or less in -40 to 200 
degrees C 

[Claim 2] The piezoelectric-ceramics constituent characterized by a piezoelectric-ceramics constituent 
according to claim 1 being the composition which exceeded zero-mol% for Nb about the composition, 
and reduced its weight in not more than 2mol%. 

[Claim 3] The piezoelectric-ceramics constituent with which density is characterized by making it fall 
rather than the sintering temperature of mother composition of the burning temperature of the conditions 
which show a peak of 3 component system zircon lead titanate of PbTi03-PbZr03-Pb(nickell/3Nb 2/3) 
03 in composition of a piezoelectric-ceramics constituent given in either of the claims 1 or 2. 
[Claim 4] The piezoelectric-ceramics constituent which converts Mn into the oxide expressed with MnO 
in composition of a piezoelectric-ceramics constituent according to claim 1 to 3, exceeds 0wt%, contains 
in not more than 0.10wt%, and is characterized by the specific resistance of the piezoelectric-ceramics 
constituent in 200 degrees C being 1.0x101 1 or more ohm-cm from -40 degrees C of temperature 
requirements. 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the thing about the piezoelectric-ceramics constituent 
with which this invention makes a zircon lead titanate a principal component ~ it is ~ especially — the 
piezo-electricity under high electric field — a variation rate — while an amount is large and the 
temperature change of specific inductive capacity is small, it is related with the piezoelectric-ceramics 
constituent excellent in insulation, and its manufacture method 
[0002] 

[Description of the Prior Art] Conventionally, as a piezoelectric-ceramics material, since a piezoelectric 
constant is size, the electrostricti ve ceramics (it abbreviates to PZT system electrostrictive ceramics 
hereafter) which contains PbTi03 and PbZr03 as a principal component, and the multicomponent 
system PZT system electrostrictive ceramics which made compound perovskites dissolve as the third 
fourth component are widely used as a material for actuators by making a piezoelectric transducer into 
the start. 

[0003] the material of these systems - general — composition near the mol photograph pick phase 
boundary (an abbreviated name, MPB) — setting — piezo-electricity, such as a piezoelectric constant (d 
constant), — since the property which contributes to a variation rate improves, as a charge of actuator 
material, piezoelectric-ceramics material of the aforementioned composition near the MPB is put in 
practical use widely 
[0004] 

[Problem(s) to be Solved by the Invention] however, the value calculated by the resonance- 
antiresonating method by which the aforementioned piezoelectric constant was generally shown in the 
specification EMAS-6100 grade — it is — fundamental — the piezo-electricity at the time of low electric- 
field (about 100 V/m of divisors) impression — the rate of a variation rate is shown On the other hand, 
the drive electric field in an actual electrostrictive actuator may also become number 1000 kV/m from 
hundreds kV/m, and may not have a meaning with the practical piezoelectric constant for which it asked 
by the aforementioned method. 

[0005] Furthermore, in connection with the breadth of the electrostrictive actuator use range, the 
property stability in a latus temperature requirement, especially the temperature stability of electrostatic 
capacity are called for in recent years. For example, when an electrostrictive actuator is used as parts for 
automobiles, according to the operating environment, the property stability in the latus temperature 
requirement which becomes no less than 200 degrees C from -40 degrees C may be required. 
[0006] On the other hand, generally, temperature change of specific inductive capacity became large, 
and the problem has produced the piezoelectric-ceramics material in the aforementioned composition 
near the MPB at the stability of the actuator property in a latus temperature requirement, especially the 
stability of electrostatic capacity. 

[0007] Furthermore, since d constant is large, the piezoelectric-ceramics constituent of PbTi03-PbZr03- 
Pb(nickell/3Nb 2/3) 03 system (henceforth, PNN-PZT system) is used as a piezoelectric-ceramics 
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material for AKUYUETA elements. However, material with still bigger d constant is called for as the 
application range of an electrostrictive actuator spreads. 

[0008] Moreover, the piezoelectric-ceramics material of this system has comparatively small electrical 
resistivity, like a laminating type piezoelectric device, when much more thickness uses it for the element 
around 100 micrometers, voltage which can be impressed could not be enlarged, but sufficient property 
cannot be pulled out or the trouble of carrying out dielectric breakdown during use has produced it. 
Moreover, since the temperature change of electrical resistivity of the aforementioned PNN-PZT system 
piezoelectric-ceramics material was also large, when using it by the above latus temperature 
requirements especially, it had the problem of reliability falling further. 

[0009] Moreover, the sintering temperature density indicates a peak to be is high 100 degrees C or more 
compared with material, such as PbTi03-PbZr03-Pb(Znl/3Nb 2/3) 03 system used for this use, when it 
is used for a laminating type piezoelectric device, the Ag/Pd electrode which contains expensive 
palladium in an internal electrode needs to be used for PNN-PZT system material, and it is more 
disadvantageous than other material in respect of cost. 

[0010] Therefore, the purpose of this invention has a small temperature change of specific inductive 
capacity, and it is offering the piezoelectric-ceramics constituent with cheap cost whose temperature 
dependence of an actuator property is stable. 
[0011] 

[Means for Solving the Problem] It is known by addition of nickel or the oxide of Zn, W, and Mo that 
the degree of sintering in the low temperature of a piezoelectric-ceramics constituent will improve. 
These are adding the matter of the low melting point, make the state of liquid phase sintering and are 
supposed that precise-ization is enabled at low temperature. However, when independent addition of the 
oxides, such as W and Mo, was carried out at PNN-PZT system material, the degree of sintering of a 
sample fell greatly, density did not fall and the sample which turned precisely was not obtained in a 
practical temperature requirement. This disregards the charge balance of ion and is considered because 
B-2 site atom became superfluous. 

[0012] In this invention, it found out that a degree-of-sintering improvement could be made, holding the 
ion balance of B site of a perovskite AB03 by combining the element of +6 ** effective in low- 
temperature-sintering-izing with a + divalent element rather than being independent. Moreover, since 
the ion balance of a mother component was held, it found out that it was possible to add an additive, 
without caring about the mutual interference of additives, and to advance a property improvement 
further. Moreover, it found out that the insulation of a declared piezoelectric-ceramics material 
improved by containing Mn to the above-mentioned piezoelectric-ceramics material. 
[0013] Namely, this invention is set to 3 component system zircon lead titanate (PZT) it writes PbTi03- 
PbZr03-Pb(nickell/3Nb 2/3) 03 [ lead titanate ]. Less than [ 40mol% ] and PbTi03 for Pb(nickell/3Nb 
2/3) 03 The range not more than [ more than 35mol% to ] 55mol%, PbZr03 is made into the range not 
more than 55mol% more than from 15mol%. It is expressed with Pb(Bl l-/2Bs 21/2) 03, and the 
composition a part of aforementioned Pb(nickell/3Nb 2/3) 03 by the composition replaced with the 
constituent of B=nickel, Zn, B-2=W, and Mo which consists of at least one or more kinds respectively 
the piezo-electricity when impressing the direct-current electric field of 500 kV/m in the same direction 
as a polarization shaft - a variation rate shows 500 or more pm/V, and the range of it is -40 to 200 
degrees C, and it is the piezoelectric-ceramics constituent which the temperature change of specific 
inductive capacity makes 300% or less 

[0014] moreover, this invention — the aforementioned piezoelectric-ceramics constituent — the 
composition ~ being related — Nb - zero-mol% it considers as the composition exceeded and the 
quantity of was decreased in not more than 2mol% 

[0015] Moreover, the aforementioned piezoelectric-ceramics constituent of this invention is a 
piezoelectric-ceramics constituent with which density fell about the composition rather than the sintering 
temperature of mother composition of the burning temperature of the conditions which show a peak of 3 
component system zircon lead titanate of PbTi03-PbZr03-Pb(nickell/3Nb 2/3) 03. 
[0016] Moreover, in composition of the aforementioned piezoelectric-ceramics constituent, this 
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invention converts Mn into the oxide expressed with MnO, exceeds 0wt%, contains it in not more than 
0.10wt%, and is a piezoelectric-ceramics constituent whose specific resistance of the piezoelectric- 
ceramics constituent in -40 degrees C to 200 degrees C is 1 .0x101 1 or more ohm-cm. 
[0017] 

[Embodiments of the Invention] The piezoelectric-ceramics constituent by the gestalt of operation of 
this invention is explained below. 

[0018] The piezoelectric-ceramics constituent of this invention was produced by the following 
manufacture methods. Namely, using a lead oxide (PbO), titanium oxide (Ti02), a zirconium oxide 
(Zr02), nickel oxide (NiO), a niobium oxide (Nb 205), a zinc oxide (ZnO), a tungstic oxide (W03), a 
molybdenum oxide (Mo03), and manganese carbonate (MnC03) as a raw material, weighing capacity 
was carried out so that it might become a target system, and such raw material powder was put in into 
the acrylic pot with the zirconia ball, and carried out wet blending for 20 hours. Next, after performing 
**** for these mixed powder in alumina ****** after dehydration dryness, wet grinding of each ****** 
was carried out with the zirconia ball in an acrylic pot for 15 hours. 

[0019] Then, the binder was miked to the **** pulverized powder obtained by carrying out dehydration 
dryness, it was pressurized, and it fabricated to phi20xT3mm. After calcinating this Plastic solid at 900- 
1260 degrees C for 2 hours and processing each sintered compact into the thickness of 1mm, it 
considered as the sample for evaluation from which composition differs, respectively by applying a 
silver paste to both sides, printing at 450 degrees C, and forming an electrode. 
[0020] Thus, polarization processing of each obtained sample was carried out by mm in 2kV /, the 
impedance analyzer (H.P.4194A) and the thermostat were used, and the 1kHz temperature characteristic 
of specific-inductive-capacity epsilonr was measured. After holding the temperature characteristic every 
10 degrees C from 5 degrees C in -40 to 400 degrees C for 30 minutes, it measured specific-inductive- 
capacity [ of 1 kHz ] epsilonr in each temperature. 

[0021] Moreover, it is the pillar of 2mmphi, and d33 (500kV) was in the state supported in the central 
field of a sample from the upper and lower sides, in 2 seconds, at uniform velocity, it impressed the 
voltage of 0V ->500V ->0V, and measured and computed the variation rate of the sample thickness 
direction in the aforementioned sample using the fringe counter formula laser displacement gage. 
[0022] The example of measurement of d3 3 (500k V) is shown in drawing 1 . it is shown in drawing 1 ~ 
as — a measurement sample with a thickness of 1mm - the variation rate at the time of direct-current- 
voltage impression of 500V (field strength 500 kV/m) - d33 (500kV) was computed from the amount 
[0023] 

[Example] The piezoelectric-ceramics constituent by the example of this invention is explained below. 
[0024] (Example 1) The piezoelectric-ceramics constituent by the example 1 and its manufacture 
method of this invention are explained. The baking density of a constituent indicates the rates of a 
temperature change of epsilonr in the range of -40 to 200 degrees C to be the temperature which shows a 
peak, and d33 (500kV) to Table 1. Among Table 1, sample No. which * attached shows the 
piezoelectric-ceramics constituent of the example of comparison of this invention, and sample No. 
without * shows the piezoelectric-ceramics constituent by the example of this invention. Moreover, the 
component to replace has put in order and written Bl element, B-2 element, and the amount of 
substitution. 
[0025] 
[Table 1] 
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[0026] To the sample 9 which is a mother component, a degree of sintering falls and, as for sample 20 - 
sample 22 and others both which replaced Mo by the sample 10 which added W, the sample 11, and the 
sample 13 based on the mother component sample 12, preeise-ized peak temperature is rising. This is 
that the ion of +6 ** entered, and B-2 site becomes superfluous and it is considered that the same effect 
as the sample 17 which increased the quantity of Nb - a sample 19 has shown up. 
[0027] By the sample 14 - sample 16 by which + divalent nickel ion was replaced by the sample 13 
based on a sample 12 to it, although a degree of sintering improves, d33 (500kV) falls with an addition. 
Thus, by the addition method of not taking charge balance into consideration, if an addition increases, 
the material property of a mother component will deteriorate and the property to mean will no longer be 
acquired. 

[0028] The sample by this invention is explained. By the sample 23 replaced in the combination of 
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nickel and W, and the sample 24, the increase in d33 (500k V) which considers improvement in a degree 
of sintering as a cause, and the fall of sintering temperature are accepted to a sample 13. Similarly, by 
the sample 26 and sample 27 which were replaced in the combination of Zn and W, the fall of sintering 
temperature is remarkable and the effect higher than NiW is acquired. Moreover, the effect with the 
same said also of the sample 33 which used the sample 31 as the mother component, a sample 36, a 
sample 38, a sample 41, and a sample 43 is acquired. 

[0029] Here, reference is made about the basis of limitation of the range of this claim. When the third 
component exceeds 40-mol%, since it falls and use by the target temperature requirement becomes 
difficult, Curie-temperature Tc of the compound is excepted from a generic claim. Moreover, although 
that with which the MPB neighborhood and Zr component agree at a target in the few range was 
obtained, in the range with many Zr components near the MPB, rate of change was large and, as for the 
rate of a temperature change of epsilonr, the target performance was not obtained. In this invention, 
since Ti component did not suit the purpose in below 35mol%, it excepted from the range of a claim. 
[0030] Since d33 (500kV) showed the target minimum value mostly, in the sample 6 replaced by the 
sample 1 in the combination of Zn and W, the minimum range of Zr component moreover, to 1 5-mol% 
Since d33 (500kV) showed the target minimum value mostly, in the sample 7 similarly replaced by the 
sample 4 in the combination of Zn and W, the maximum range of Ti component to 55-mol% In the 
sample 8 similarly replaced by the sample 5 in the combination of Zn and W, since d33 (500k V) showed 
the target minimum value, the maximum range of Zr component was carried out to to 55-mol%. 
[0031] (Example 2) The piezoelectric-ceramics constituent by the example 2 of this invention is 
explained. By the sample 44 and sample 45 to the sample 42 and sample 43 to the sample 39 to the 
sample 37 and sample 38 to the samples 30 and 3 1 and sample 36 to the sample 28 and sample 27 to the 
sample 25 and sample 26 which decreased the amount of Nb(s) and a sample 40, and a sample 41, 
sintered density peak temperature is falling to the sample 23 produced by the example 1. 
[0032] Although sintered density peak temperature seems not to change also in the sample 29 to the 
sample 27 with few amounts of Nb(s), improvement in d33 (500kV) is accepted by improvement in a 
degree of sintering. Here, since charge balance collapsed too much mostly and insulating resistance 
deteriorated greatly when loss in quantity of Nb exceeds two-mol%, loss in quantity of Nb beyond this 
presupposed that it is out of range. 

[0033] (Example 3) The piezoelectric-ceramics constituent by the example 3 of this invention is 
explained. Using a lead oxide (PbO), titanium oxide (Ti02), a zirconium oxide (Zr02), nickel oxide 
(NiO), a niobium oxide (Nb 205), a zinc oxide (ZnO), a tungstic oxide (W03), a molybdenum oxide 
(Mo03), and manganese carbonate (MnC03) as a raw material, weighing capacity was carried out so 
that it might become the purpose composition, and the specific resistance which comes out of a sample 
in production, -40 degrees C, and 200 degrees C, respectively was measured like the example 
[0034] An example of the result is shown in drawing 2 . In an elevated-temperature field, drawing 2 
shows that specific resistance improves notably and is satisfied [ only with carrying out ultralow- volume 
addition of Mn03 ] of the desired value of this invention, although specific resistance falls. Moreover, 
when the addition of MnO exceeded 0.05 wt%, it turns out that the improvement effect in specific 
resistance beyond it can be desired, and there is nothing. Moreover, although superfluous addition of 
MnO is enough in property when the specific resistance of a mother component is low material and the 
addition of MnO is 0.05wt(s)%, although it tends to degrade piezo-electric properties, such as a 
piezoelectric constant, adding to 0.10wt(s)% by which a property is stabilized is desirable. Therefore, 
less than [ 0.10wt% ] can judge that it is a suitable value to the target of this invention. 
[0035] 

[Effect of the Invention] As mentioned above, as explained, according to this invention, a piezoelectric- 
ceramics constituent the temperature change of specific inductive capacity is small, large [ the piezo- 
electric distorted constant at the time of high- voltage impression is large, and ] the electrical resistivity 
in the high temperature range and very useful as a low cost charge of actuator material which has a 
stable property by the latus temperature requirement and in which low temperature sintering is possible 
can be offered. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] Conventionally, as a piezoelectric-ceramics material, since a piezoelectric 
constant is size, the electrostrictive ceramics (it abbreviates to PZT system electrostrictive ceramics 
hereafter) which contains PbTi03 and PbZr03 as a principal component, and the multicomponent 
system PZT system electrostrictive ceramics which made compound perovskites dissolve as the third 
fourth component are widely used as a material for actuators by making a piezoelectric transducer into 
the start. 

[0003] the material of these systems - general — composition near the mol photograph pick phase 
boundary (an abbreviated name, MPB) setting - piezo-electricity, such as a piezoelectric constant (d 
constant), - since the property which contributes to a variation rate improves, as a charge of actuator 
material, piezoelectric-ceramics material of the aforementioned composition near the MPB is put in 
practical use widely 
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precisely. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the relation of the piezo-electric displacement by the applied voltage 
obtained by piezoelectric-constant d33 (500k V) measuring method about the piezoelectric-ceramics 
constituent of the example 1 by this invention. 

[Drawin g 2] Drawing showing the relation of the MnO addition and specific resistance which were 
shown with the piezoelectric-ceramics constituent of the example 3 by this invention. 
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DRAWINGS 



[Drawing 1] 
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